The Army must have the ability to rapidly plan and locate engineered sites, such as soldier base camps or airfields, for supporting maximum combat effectiveness of deployed forces. By defining mission-specific site requirements prior to force deployment and facility locations and construction, Army commanders and planners are able to optimize various siting and design decisions. This report details the design steps used to develop the Touchdown Point (TDP) Module in the Engineer Site Identification for the Tactical Environment (ENSITE) remote planning tool. The module is used for preliminary design and siting of TDPs for landing helicopters. Since the TDP module within ENSITE is a remote planning tool for a very specific set of design criteria, this work presents the rationale for why the module makes certain assumptions, how it calculates certain quantities, and where it obtains its data.
. Since the TDP module is focused on the tactical environment, however, its methodology draws heavily from FM 5-430-00-2 (1994), "Planning and Design of Roads, Airfields, and Heliports in the Theater of Operations-Airfield and Heliport Design." It should be noted that, at the time of this report, the TDP module is limited to siting one TDP per candidate location rather than multiple TDPs.
ENSITE, developed at the Engineer Research and Development CenterConstruction Engineering Research Laboratory (ERDC-CERL), is a geographic information system (GIS)-based computer program that enables military planners to remotely site and plan encampments and their related infrastructure. ENSITE does this by providing military planners with modules that provide key planning parameters, such as soil and weather, or recommendations for construction, such as the optimal location for a soil runway. The TDP module gives the ENSITE tool the capability to site TDPs for rotary-winged aircraft.
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Objective
This report's objective is to provide the military planner with the scientific and doctrinal basis used by the ENSITE TDP module to enable better information for remotely planning a tactical site location and related infrastructure.
Methodology
Selection of criteria for developing the TDP module consisted of reviewing Department of Defense (DoD) doctrine relating to TDPs and consulting with DoD experts in TDP design considerations for rotary-winged aircraft.
These criteria were then incorporated as parameters for writing the TDP module's software code and incorporating it into the ENSITE remote planning tool.
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Overview
There are a number technical and tactical items to consider when siting a TDP, but the majority of these were not used in developing ENSITE's TDP module. FM 3-21.38 (2006), while used heavily for the development of TDPs, is mostly focused on considerations that must be determined on site and in person, but ENSITE is focused instead on remote planning for intheater construction decisions.
Since the authors found much flexibility in the technical and tactical criteria for siting TDPs, work to develop ENSITE's TDP module concentrated on reducing the siting criteria to a minimum by using only those criteria that related to remote planning. This reduction in criteria was done to prevent ENSITE/TDP from outputting so many options that the user would be inundated with unnecessary information. The siting criteria was purposely selected by balancing the information available in ENSITE and the engineering assumptions presented in subsequent sections of this workwith the technical requirements given in FM 3-21.38 (2006).
To explain that purposeful selection, this chapter covers the planning considertions in FM 3-21.38, divided into considerations that are included in the TDP module and those that are not. Considerations that apply to the TDP module are accompanied with technical specifications for their implementation.
Included design considerations 2.2.1 Minimum landing space
For siting TDPs remotely, FM 3-21.38 (2006, p. 4-1, para. 4-3) recommends using certain measurements and surface criteria to determine TDP size and appropriateness of site (Figure 1 ). Note that Figure 1 presents the TDP size in relation to Size Groups, as designated by FM 3-21.38 (2006) Size Groups categorize helicopters by size, function, or both and then relate those categories to the diameter of the TDP (e.g., an AH 64A Apache is in Group 3; a Group 3 TDP has an overall diameter of 50 m). The TDP groups and corresponding aircraft can be found in Table 1 . 2006, p. 4-5, para. 4-13) , the ground slope should not exceed 7º. Thus, sites exceeding a slope of 7º should be excluded from consideration. While there are exceptions for landing helicopters on ground slopes above 7º, those exceptions cannot be sufficiently supported in a remote planning tool because they are case-specific and require detailed knowledge of the landing area.
2.2.3
Approach and exit path Sites not conforming to this geometry should be excluded from consideration. -21.38 (2006, p. 4-8) . It should be noted that "DIMENSION X" referred to in the figure refers to night operations, which are not included in this iteration of the TDP module.
Design components excluded
Because of limitations of GIS systems, a number of planning considerations are omitted in the TDP module's siting methodology. A list of omitted design components and references are presented below.
Soil strength
While soil strength at the TDP is an important part of the siting process, it is not explicitly used in the TDP module. This is indeed counterintuitive and, thus, the rationale for removing it is subsequently presented. Adding to the confusion, the issue of soil strength is approached in vastly different ways in FM 3-21.38 (2006) and TM 3-34.48-2 (2016), two of the major publications that drive TDP selection. TM 3-34.48-2 (2016, p. 4-2, para. 4-6) recommends the Dynamic Cone Penetrometer, a soil probe that provides soil strength readings as an index, to determine if soil strength at the TDP is suitable for landing helicopters. Conversely, FM 3-21.38 (2006, pg. 4-3, para. 4-10) recommends a field-expedient criteria, stating that one should "choose landing sites that have firm surfaces; are free of dust, sand, and debris that might create problems when disturbed by rotor wash …"
The soil strength criteria is given by TM 3-34.48-2 (2016, p. 5-15) as a design chart which relates a soil strength in the form of a California bearing ratio (CBR), 1 to the number of times a helicopter can take off and land at a TDP (Figure 3) . Examining this design chart shows that soil with a CBR of 3 will allow a helicopter weighing up to 50,000 lb to land and take off a combined 10 times. Thus, using a CBR of 3, a 50,000 lb capacity, and 10 passes as minimum assumptions for planning purposes, the issue of typical soil strength can now be addressed. Table 2 , a military planner can assume the CBR of a CH soil to be at least 3. Going back to the assumptions presented in the previous paragraph, this means that-for planning purposes-even the weakest soil type can be assumed to be satisfactory for landing 50,000 lb helicopters. This assumption eliminates soil strength as a concern and, thus, soil strength is not included as a planning consideration in the TDP module. Figure 3 . Design chart used to determine the number of times a helicopter can land at a TDP (from TM 3-34.48-2 (2016) , pg. 5-15).
Other design considerations
In addition to not including soil strength, as discussed above, there are a number of tactical and technical considerations that are not included in this iteration of the TDP module, as discussed in section 2.1. These considerations are presented in Table 3 . These considerations were omitted primarily because they do not fit the remote scope of the TDP module. For completeness, however, the considerations are mentioned here along with their references in case a military planner might have questions or concerns about the ommitted criteria. Tactical considerations are an inherent part of the planning process. They cannot, however, be codified in a computer program, so they are omitted. FM 3-21.38 (2006, p. 4-1, para. 4-4) This iteration of the TDP module was developed for siting 1 TDP (i.e., only one helicopter can land at a time). FM 3-21.38 (2006, p. 4-3, para. 4-8) This iteration of the TDP module was developed for siting 1 TDP.
Number of helicopters

Landing formations
Density altitude* FM 3-21.38 (2006, p. 4-9, para. 4-21) The FM states that issues regarding density altitude should be coordinated with the aviation unit commander. TM 3-34.48-2 (2016, p. 4-9, para. 4-22) This criteria is at the discretion of the military planner. TM 3-34.48-2 (2016, p. 4-10, para. 4-23) This consideration refers generally to obstacles on the ground (e.g., rocks, stumps, holes, etc.). This type of information cannot accurately be obtained using remote planning software.
Loads
Obstacles
* Density altitude is pressure altitude corrected for nonstandard temperature. (As temperature and altitude increase, air density decreases.)
Summary
This document provides the technical specifications required to develop the code and to implement the TDP module in ENSITE. At the time of publishing, however, the additional code has not been completed within the ENSITE software. 
